Integrin b1 subunit and its downstream molecule, focal adhesion kinase (FAK), have been demonstrated to be indispensible to the promotion of cell proliferation and survival and anti-apoptosis in cardiomyocytes via activation of their downstream pro-survival signaling molecule, AKT. As a component of the integrin pathway, Dock180 (dedicator of cytokinesis 1) protein is also thought to be involved in the promotion of cell proliferation and survival and anti-apoptosis in the H9C2 cardiomyocytes. Material/Methods:
Background:
Integrin b1 subunit and its downstream molecule, focal adhesion kinase (FAK), have been demonstrated to be indispensible to the promotion of cell proliferation and survival and anti-apoptosis in cardiomyocytes via activation of their downstream pro-survival signaling molecule, AKT. As a component of the integrin pathway, Dock180 (dedicator of cytokinesis 1) protein is also thought to be involved in the promotion of cell proliferation and survival and anti-apoptosis in the H9C2 cardiomyocytes. Material/Methods:
Rat-derived H9C2 cardiomyocytes were transfected with pCXN2-flag-hDock180, a human Dock180 overexpression eukaryotic recombinant plasmid. The rat and human Dock180 mRNA and protein expression, apoptosis and cell proliferation and survival were analyzed in the H9C2 cardiomyocytes treated with either hypoxia/reoxygenation (H/R) or not, respectively. Results:
Human Dock180 mRNA overexpression could significantly increase the Dock180 protein expression in the H9C2 cardiomyocytes, no matter whether treated with H/R or not. Dock180 overexpression could promote the cell proliferation and survival and anti-apoptosis, and relieve the cell proliferative and survival inhibition and apoptosis induced by H/R in the H9C2 cardiomyocytes via activation of its downstream pro-survival signaling molecule AKT.
Conclusions:
Dock180 could act as a pro-survival molecule in H9C2 cardiomyocytes via activation of its downstream prosurvival signaling molecule, AKT.
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Background Integrin b1 subunit [1] and its downstream molecule, focal adhesion kinase (FAK) [2] , have been demonstrated to be essential in inhibiting post-infarction cardiac remodeling, ischemic cardiomyopathy, and heart failure due to their pro-survival and anti-apoptotic effects on the cardiomyocytes, which are probably mediated by activation of their downstream prosurvival signaling molecules such as protein kinase B (AKT) [3] .
Integrin signaling was also found to be involved in the cytoskeletal rearrangement and cardiomyocyte proliferation ( Figure 1 ) [4] [5] [6] . Guanine nucleotide exchange factor (GEF) Dock180 protein also acts as an integrin pathway component [7] . However, the roles of Dock180 in the apoptosis, actin cytoskeleton polymerization, proliferation, and survival in cardiomyocytes are poorly understood.
In the present study, for the potential clinical application, human Dock180 gene was transfected into rat-derived H9C2 cardiomyocytes to investigate its effects on the apoptosis, actin cytoskeleton, cell proliferation, and survival in the cardiomyocytes treated with either hypoxia/reoxygenation (H/R) or not. Exogenous human Dock180 overexpression was observed to promote the anti-apoptosis, actin cytoskeleton polymerization, cell proliferation, and survival, and alleviate the apoptosis, actin cytoskeleton depolymerization and cell proliferative and survival inhibition induced by H/R in the H9C2 cardiomyocytes via activation of its downstream pro-survival signaling molecule, AKT.
Material and Methods

H9C2 cardiomyocyte culture
The rat-derived cardiomyocyte line H9C2 (purchased from the American Type Culture Collection, Manassas, VA, USA) was maintained in Dulbecco's modified Eagle's growth medium (DMEM) supplemented with 10% (v/v) heat-inactivated fetal bovine serum (FBS), 5.5 mM glucose, L-glutamine (2 mM), streptomycin (100 µg/ml), and penicillin (100 IU/ml) (all from Gibco-Invitrogen Corp., Carlsbad, CA, USA). The cells were incubated in a humidified incubator at 37°C, 95% oxygen, and 5% CO 2 [8] .
H9C2 cardiomyocytes treated with pCXN2-flag-hDock180 transfection and hypoxia/reoxygenation, and experiment protocol
The medium was replaced with serum-free medium, and the H9C2 cardiomyocytes at ~60% confluence were transfected with blank or pCXN2-flag (empty plasmid) or pCXN2-flag-hDock180 (human Dock180 overexpression eukaryotic recombinant plasmid, which was generously provided by Prof. Shinya Tanaka at Hokkaido University in Japan to Dr. Hua Linghu at Chongqing Medical University in P. R. China), respectively. The transfection was mediated by lipofectamine™ LTX (Invitrogen Co., Carlsbad, CA, USA). Six hours later, the medium was replaced with growth medium, and the cells were cultured for another 18 hours. Then each group (blank group, empty plasmid group, and Dock180 overexpression group) were divided into 2 parts and treated with either H/R or not, respectively. For those treated without H/R, the medium was replaced with new growth medium, and the culture continued for another 48 hours under the normal culture condition (37°C, 95% air and 5% CO 2 ). Meanwhile, for those treated with H/R, the medium was replaced with serumfree, glucose-free phosphate-buffered saline (PBS), and the cells were transferred into hypoxic chamber (Forma Scientific, Freehold, NJ, USA) and maintained at 37° with humidified 1% air, 94% N 2 and 5% CO 2 . Three hours later, the medium was replaced with growth medium, and the normal culture condition was restored, and the culture continued for another 45 hours [2] . Therefore, the cells were finally randomly divided into blank group, empty plasmid group, Dock180 overexpression group, blank + H/R group, empty plasmid + H/R group, and Dock180 overexpression + H/R group. At the above indicated time point (72 hours after transfection), the medium was removed, and the cells were washed with PBS, and harvested for analysis by RT-PCR, Western blot, flow cytometry (FCM), fibrillar actin (F-actin) cytoskeleton staining and MTT assay, respectively. RT-PCR analysis for Dock180 mRNA level Seventy-two hours after transfection, total RNA was isolated from the ×10 6 cells using a commercial RNA extraction kit (RNAiso Plus, TaKaRa Biotechnology Co., Ltd., Dalian, China), and quantified by absorbance at 260 nm. RNA (2.5 µg) was reversely transcribed into cDNA with the PrimerScript RT reagent Kit (TaKaRa Biotechnology Co., Ltd., Dalian, China; reaction condition: 30°C 10 minutes, 42°C 20 minutes, 95°C 5 minutes) according to the manufacturer's instructions. The 2 microliters of cDNA generated was amplified using specific primers designed for human Dock180, rat Dock180, and b-actin genes, respectively. The nucleotide sequences and Tm values for all primers are given in Table 1 . PCR products were visualized under UV light with ethidium-bromide staining after 2% agarose gel electrophoresis. Images were captured with ChemiDoc XRS (Bio-Rad, Hercules, CA, USA), and then the band intensity was determined with Quantity One software (Version 4.6.2.) [2] .
Western blot analysis for Dock180 and p-AKT protein levels
Seventy-two hours after transfection, the cells were harvested and lysed with cell lysis buffer (Beyotime Biotechnology Co., Ltd., Shanghai, China) according to the manufacturer's instructions, and protein concentration was measured using BCA Protein Assay Kit (Beyotime Biotechnology Co., Ltd., Shanghai, China), and standardized (aliquots of supernatants containing equal amounts of proteins). An equal amount (50 µg) of protein was separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred electrophoretically to a polyvinylidene difluoride (PVDF) membrane (Immobilon Transfer Membranes, Millipore Co., Bedford, MA, USA). Nonspecific sites were blocked by incubation of the membrane in blocking buffer (3% bovine serum albumin in T-TBS) for 2 hours at room temperature. The membranes was then incubated with the indicated primary antibodies [Anti-human and rat Dock180 (H-4) mouse monoclonal antibody: (1:500), No. sc-13163, Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA; anti-rat-p-AKT (Ser473) (D9E) XP ® rabbit monoclonal antibody: (1:500), No. 4060, Cell Signaling Technology Inc., Danvers, MA, USA; Anti-rat b-actin rabbit polyclonal antibody: (1:500), No.
bs-0061R, Boster Biosynthesis Biotechnology Co., Ltd., Wuhan, China; Anti-flag mouse polyclonal antibody: (1:200), No. AF519, Beyotime Biotechnology Co., Ltd., Shanghai, China, respectively] overnight at 4°C, and then with horseradish peroxidaseconjugated anti-mouse or anti-rabbit second antibody (IgG, 1:1500, Boster Biosynthesis Biotechnology Co., Ltd., Wuhan, China) for 1 hour at room temperature. The immunoreactive bands were visualized by incubation with DAB in BeyoECL Plus (Beyotime Biotechnology Co., Ltd., Shanghai, China) and photographed by ChemiDoc XRS detection system (Bio-Rad, Hercules, CA, USA). Absorbance of the bands was analyzed using image analysis software (Quantity One 4.6.2). The densities of Dock180 and p-AKT proteins in relation to b-actin were expressed as Dock180/b-actin and p-AKT/b-actin, respectively, which represent the relative expression levels of Dock180 and p-AKT proteins, respectively [8] .
Flow cytometry analysis for H9C2 cardiomyocyte apoptosis
Seventy-two hours after transfection, the apoptotic and necrotic cells were labeled with annexin V-FITC in Annexin V-FITC Apoptosis Detection Kit (Beyotime Biotechnology Co., Ltd., Shanghai, China) and propidium iodide (PI, No. P4864, SigmaAldrich Co., St. Louis, MO, USA), respectively, according to the manufacturer's instruction. Then the sorting of fluorescenceactivated apoptotic cells was performed by flow cytometer (BD FACSVantage™ SE, BD Biosciences Co., Franklin Lakes, NJ, USA). The cells with annexin V-positive and PI-negative were defined as the apoptotic cells. The apoptotic rate was calculated as the percentage of the number of the annexin V-positive and PI-negative cells over the number of the total cells [8] .
F-actin cytoskeleton staining and observation
Seventy-two hours after transfection, the cells were washed with PBS, fixed in 4% paraformaldehyde solution in PBS for 5 minutes, washed extensively in PBS, permeabilized with 0.1% Triton-100 in PBS, and washed again in PBS. Then the F-actin in the cells was stained with a 50 µg/ml phalloidin-FITC solution (No. P5282, Sigma-Aldrich Co., St. Louis, MO, USA) in PBS (containing 1% DMSO from the original stock solution) for 40 minutes at room temperature, and washed several times with PBS to remove unbound phalloidin-FITC. Then the F-actin in the cells was restained with a 50 µg/ml PI solution for 5 minutes, and washed several times with PBS to remove unbound PI. The F-actin in the cells was observed under a laser scanning confocal microscope (Leica TCS SP2, Leica Microsystems Co., Wetzlar, Germany) [4] .
MTT assay of H9C2 cardiomyocyte proliferation
At the indicated time points (24 hours and 72 hours) after transfection, 20 ul MTT (5 mg/ml) working solution (No.
0793, Amresco Inc., Solon, OH, USA) was added to the cells in each well, and followed by a further incubation at 37°C for 4 hours. The supernatants were carefully removed. Two hundred microliters of dimethyl sulfoxide (DMSO) was added to each well, and the well plate was shaken for 30 minutes at room temperature. The absorbance of the samples was then measured at a wavelength of 570 nm in a multiwell spectrophotometer microplate reader (Multiskan MK3, Thermo Fisher Scientific Inc., Vantaa, Finland). The proliferative rate was calculated as (the absorbance at 72 hours -the absorbance at 24 hours)/the absorbance at 24 hours, and expressed as a percentage [8] . 
Statistical analysis
All of the experiments were repeated at least 3 times. Data are expressed as mean values ± S.D. All analyses were performed using the SPSS17.0 statistical software. The statistical significance among groups was evaluated by one-way ANOVA, followed, in case of significance, by a two-sided Tukey test for multiple comparisons. A value of P<0.05 was considered statistically significant.
Results
Expression of Dock180 mRNA
Both rat and human Dock180 mRNA in the H9C2 cardiomyocytes presented with significantly decreased levels after H/R treatment either in the blank, empty plasmid, or Dock180 overexpression groups (All P<0.05, Figure 2) ; However, as compared with blank and empty plasmid groups, Dock180 overexpression could significantly increase human Dock180 mRNA level in the H9C2 cardiomyocytes, either treated with H/R or not (All P<0.05, Figure 2 ).
Expression of Dock180 and p-AKT proteins
Consistent with the above results, significantly decreased Dock180 and p-AKT protein levels in the H9C2 cardiomyocytes were found after treatment with H/R either in the blank, empty plasmid or Dock180 overexpression groups (All P<0.05, Figure 3) ; However, as compared with blank and empty plasmid groups, Dock180 and p-AKT protein levels in the H9C2 cardiomyocytes were detected to be significantly increased in the Dock180 overexpression group, either treated with H/R or not (All P<0.05, Figure 3 ).
Apoptotic rate of H9C2 cardiomyocytes
As indicated in Figure 4 , H/R treatment could significantly increase the ratio of apoptotic H9C2 cardiomyocytes in the blank, empty plasmid, and Dock180 overexpression groups, respectively (All P<0.05, Figure 4) ; However, the apoptotic rate in the Dock180 overexpression group was significantly less than that in the blank and empty plasmid groups, either treated with H/R or not (All P<0.05, Figure 4 ).
F-actin staining
As indicated in Figure 5 , after H/R treatment, the chaotically rearranged F-actin fiber cytoskeleton could be observed; significantly decreased fluorescence intensity of the F-actin fiber cytoskeleton was found while the atrophied and deformed cardiomyocytes appeared; However, as compared with the blank and empty plasmid groups, the F-actin fiber in the Dock180 overexpression group presented with thicker, longer and more longitudinally arranged cytoskeleton, and the fluorescence intensity of the F-actin fiber cytoskeleton was increased greatly in the Dock180 overexpression group, either treated with H/R or not.
Proliferative rate of H9C2 cardiomyocytes
As demonstrated in Figure 6 , H/R treatment could significantly decrease the proliferative rate in the H9C2 cardiomyocytes in all 3 groups (All P<0.05, Figure 6 ); However, in contrast with the blank and empty plasmid groups, Dock180 overexpression group presented with significantly increased numbers of viable cells, either treated with H/R or not (All P<0.05, Figure 6 ).
Discussion
In this study we demonstrated the following findings: (1) Ratderived H9C2 cardiomyocytes have endogenous Dock180 expression at the mRNA and protein levels, and its expression could be decreased after treatment with H/R. (2) Overexpression of human Dock180 mRNA could significantly increase the Dock180 protein expression in the rat-derived H9C2 cardiomyocytes either treated or untreated with H/R. (3) Human Dock180 overexpression could promote F-actin cytoskeleton polymerization, cell proliferation and survival and anti-apoptosis, and attenuate F-actin cytoskeleton depolymerization, cell proliferative and survival inhibition and apoptosis induced by H/R in the rat-derived H9C2 cardiomyocytes via activation of its downstream pro-survival signaling molecule, AKT.
Survival inhibition and apoptosis in cardiomyocytes are among the major causes of the pathogenesis of many cardiovascular diseases such as diabetic and ischemic ventricular enlarged cardiomyopathy, and systolic heart failure [9] [10] [11] . A novel therapy targeting the integrin pathway could be developed to benefit patients with cardiovascular diseases [12] because of its anti-apoptotic and pro-survival effects on the cardiomyocytes [6] . The integrin pathway links extracellular matrix substances to actin cytoskeleton in cardiomyocytes, senses mechanical stretch, and translates it into intracellular biochemical signaling [7] . Total knockout of integrin pathway components such as Cas [13] , Crk [14] , CrkL [15] , and Dock180 [16] could cause most of the mice to die before birth because of actin cytoskeleton depolymerization and severe heart developmental abnormalities. Knockout of other components such as integrin b1 subunit [17] , integrin-linked kinase (ILK) [18] , FAK [19, 20] exclusively in the cardiomyocytes could make most of the embryonic mice survive to birth. However, these knockout mice developed severe dilated cardiomyopathy and spontaneous heart failure after birth, most likely due to actin cytoskeleton disorganization, survival inhibition, and apoptosis in the knockout cardiomyocytes [2, [21] [22] [23] . When the mice with integrin b1 subunit [17, 21] , or FAK [19] knockout exclusively in the cardiomyocytes were challenged by isoproterenol, or angiotensin II, or pressure overload, the dilated cardiomyopathy and heart failure in the knockout mice were remarkably accelerated because of increased apoptosis and survival inhibition in the knockout cardiomyocytes. Similarly, the increased apoptosis and survival inhibition in the knockout cardiomyocytes and accelerated post-infarction ischemic cardiomyopathy and heart failure were also described in the mice with integrin b1 subunit- [1] or FAK- [2] knockout exclusively in the cardiomyocytes when they were challenged by myocardial infarction. Isoproterenol or H/R treatment was found to further increase the apoptosis and survival inhibition in the integrin b1 subunit [21] and FAK [2] knockout cardiomyocytes. However, in contrast, ILK overexpression could decrease such apoptosis and proliferative and survival inhibition in the cardiomyocytes, and thus improve post-infarction ischemic cardiomyopathy and heart failure [24] .
The above findings support the idea that the integrin pathway components play pivotally protective roles in the cardiomyocytes via their effects of anti-apoptosis, pro-proliferation, and survival on the cardiomyocytes, which are probably mediated by activation of their downstream pro-survival signaling molecules such as PI3K/AKT/mTOR/p70S6K [3, 18, 25, 26] and ERK [25] [26] [27] .
Dock180 is a GEFs family member in the integrin pathway. Rat Dock180 amino acid sequence shares 100% identity with human Dock180 amino acid sequence, although rat Dock180 mRNA has 84% identity with human Dock180 mRNA. Our present study confirmed that the human Dock180 protein has the same molecular mass (180 kDa) as that of rat Dock180 protein. Dock180 binds with N-terminal SH3 domain of its upstream adaptors such as Crk and CrkL following stimulation by signals through integrin, and subsequently activates GTPases such as RhoA, Rac1, and Cdc42. Dock180 regulates apoptosis, cytoskeleton polymerization, and cell proliferation in non-cardiomyocytes [28, 29] . However, little is known about its role in apoptosis, F-actin cytoskeleton polymerization, cell proliferation, and survival in the cardiomyocytes.
The results of the present study, to the best of our knowledge, are the first to confirm the endogenous expression of Dock180 in rat-derived H9C2 cardiomyocytes, implying it has potential roles in the pathophysiology and physiology in rat-derived H9C2 cardiomyocytes. Moreover, overexpression of human Dock180 mRNA can significantly increase the Dock180 protein expression in the rat-derived H9C2 cardiomyocytes treated either with or without H/R. We also believe this is the first report to demonstrate that human Dock180 overexpression can promote the anti-apoptosis, F-actin cytoskeleton polymerization, and cell proliferation and survival, and moreover attenuate the apoptosis, F-actin cytoskeleton depolymerization and cell proliferative and survival inhibition induced by H/R in the rat-derived H9C2 cardiomyocytes via activation of its downstream pro-survival signaling molecule, AKT. Ding et al. proved that ILK overexpression could decrease the apoptosis and cell proliferative and survival inhibition in the cardiomyocytes [24] . Hakim et al found that FAK could alleviate the apoptosis and survival inhibition induced by H/R in the cardiomyocytes [2] . Our results are consistent with the findings reported by Ding and Hakim [2, 24] . However, the Dock180 downstream of other pro-survival signaling molecules remain to be determined.
Conclusions
Dock180 overexpression could promote the anti-apoptosis and cell proliferation and survival in H9C2 cardiomyocytes via activation of its downstream pro-survival signaling molecule, AKT.
